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“4S ARLY in the year 1921 the 
writer was asked by Dr. 
T. M. Legge, H. M. Senior 
Medical Inspector of Factories, to 
take part in an investigation into the 
bject of punctate basophilia in lead 
vorkers. Observations commenced 
in 1921 have been continued up to the 
present time and a report is now in 
ration. 
One of the matters calling for special 
quiry was the reliability of the 
ods in general use for the detec- 
of punctate basophilia and the 
tion whether they are suitable 
employment on a large scale. 
ue chief aim of the writer in com- 
ing the work now published was 
obtain some evidence bearing on 
matters, but opportunities oc- 


eived for publication Oct. 14, 1924. 


curred of collecting information on 
the main subject of punctate baso- 
philia and lead poisoning. Some 
results are given in the following pages, 
though various details of technic are 
omitted and will be included in a 
forthcoming report. 

The present contribution continues 
some observations published in 1914 
and 1918 on the employees of an 
accumulator works. In January, 
1921, the Chloride Electrical Storage 
Company consulted the Director of 
the Public Health Laboratory! con- 
cerning the possibility of training two 
of their chemists in methods of blood 
examination so that they might assist 


1 Now Department of Bacteriology and 
Preventive Medicine, University of Man- 
chester, under the directorship of Professor 
Topley. 
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Dr. MacMillan, the appointed sur- 
geon, in the medical control of the 
employees. Professor Delépine, at 
that time Director of the Laboratory, 
decided that the proposal should be 
given a trial, and the writer was 
asked to arrange a special course of 
instruction. ‘This course was given 
during the summer of 1921. It 
extended over a period of about two 
months’ time with two meetings a 
week, each of about two hours’ dura- 
tion. ‘The teaching was entirely prac- 
tical and intended to make the pupils 
familiar with onesimple routine method 
of preparing, staining, and examining 
blood films for punctate red cells and 
of estimating their number. They 
were equipped with a suitable micro- 
scope and everything necessary for 
their work at the chemical laboratory 
of the works. They became quite 
competent in about two months’ time. 

Their observations were controlled 
by means of duplicate films from 
each case sent to the writer. On com- 
paring results many quantitative dis- 
agreements were found. Usually the 
pupils found more punctate red cells 
present In a given case than did the 
writer, probably on account of their 
superior diligence, but they never 
found punctate red cells when the 
writer found none and vice versa. 

In the following tables the writer 
has made use of the pupils’ results 
uncorrected in those instances where 
disagreements occurred. ‘They are as 
reliable as the work of any competent 
observer trained in this special kind of 
microscopic work and as accurate as 
the nature of the work permits. 


The clinical notes were collected by 
Dr. MacMillan and recorded on special 


case sheets. ‘The records contain 


notes concerning the date of employ- 
ment; previous occupation and jj). 
nesses; family history; height, weight. 
complexion; state of the mouth, teeth 
and gums, throat and nose; defects 
or injuries; digestion; heart, pulse. 
blood pressure; lungs; general habits 
(tobacco, alcohol, diet, exercise, clean- 
liness, home); occupation, change of 
occupation, and the necessary dates. 
The men were examined from time to 
time and full notes kept covering the 
period of the inquiry. 

The Chloride Company manufae- 
tures electrical accumulators. About 
500 employees are under the special 
regulations for lead workers. ‘The 
works is situated in a wide, open valley 
in semirural surroundings and_ is 
divided into a number of separate 
sheds. The buildings are of modern 
construction. Much attention is 
given to the hygienic welfare of 
the men by providing canteens, rec- 
reation grounds, washing accommo- 
dation, overalls, fans, and various 
other apparatus. Apparently the em- 
ployees stay longer than at most works 
where exposure to lead is inevitable. 
and their general physique and social 
standards are certainly higher than 
those of the average casual laborer. 

The films were made on slides from 
blood obtained from the lobe of 
ear. They were fixed in absolut 
alcohol (twenty minutes) or meth) 
alcohol (three minutes) and _ stain 
by the following method: 

Methylene blue (med. pur.).... 

Sodium bicarbonate 

RS 2 | 200 c.c 

Stain half a minute. Wash in wate! 
the film becomes a pale greenish color. 
with blotting paper. Examine wit! 
cover glass with a one-twelfth inch 


immersion lens. 
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The microscope was fitted with an 
Phrlich’s micrometer eyepiece and 
mechanical stage. One hundred fields 
were examined and the results are 
‘ated as the number of punctate red 

ls present per million red corpuscles. 


many men were examined in order to 
assist Dr. MacMillan in making a 
diagnosis; the selection was prac- 
tically of the nature of a random 
sampling. Some men were picked out 
because they were engaged in some 


TABLE 1 


| NUMBER OF MEN |PERCENT- 
| | WITH | AGE OF 
owes | NUMBER | M EAN | | | tora 
om owe | ain Negative Positive | POSITIVE 
| indings Findings rINDINGS 
pet 
NE a i ke a be 4 ERR bd ON } O8 3 l 25 
en oO ae ne eee OAS CRBS 4 i] 29 S 3 27 
ee ee a era 2 28 l l 50 
es os wie we ea he kk at a ee 37 2 14 20 (2 
PPT ee eee TT eye rey eee 24 21 7 17 70 
NG sence eee gees Ca maee eee 4 | 30 | | 3 75 
es 2% | 30 6 | 20 | 76 
CO 6 aS aR ERE ROO OR D 3 l 4 SO 
PR a ok bac WAR eae ee ae eae hee oes 115 26 4] 72 63.7 


The time spent on each film varied 
minutes to an _ hour. 
the writer cannot examine more than 
three films in an hour and cannot do 
more than four hours’ work in one 
day. The work is laborious and try- 
ing to the eyes, owing to the fact that 
many punctate red cells contain exces- 
sively fine granules. 


from a few 


Probably many 
discrepancies are caused by the occur- 
rence of such finely granular forms, 
ior they are very easily missed. 
A complete survey of the blood 
ndition of the whole group of lead 
rxers was not possible. ‘lhe cases 
‘ted for examination were those 
appeared likely to yield informa- 
on bearing on the subject of punctate 
sophilia generally. The men were 
chosen necessarily because they 


owed some sign of illness, though 


particular kind of work, or were likely 
to remain at work long enough to 
enable a series of observations to be 
made, or on account of various other 
reasons too numerous to mention in 
detail. 

During the period 1921 to 
inclusive, records of 427 


1924, 
films from 
158 men were collected. ‘The various 
tables given are drawn from these 
films but the whole records are not 
included. In some tables cases had 
to be excluded which were available 
for inclusion in other tables, owing to 
insufficient details of information or 
for other reasons. 

‘Table 1 


punctate 


shows the incidence of 


basophilia in the men 


engaged in various occupations or 


processes. Cases of definite lead poi- 


The ‘‘work”’ 


soning are not included. 
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is work at the time of the first note on The results are taken from the find 


Ailtj-= 


the case sheet. Inmanyinstancesthe ings of the first examination when 


men were employed at some period at more than one examination was » 


more than one occupation or process corded. Some cases at first negatiye 
either before or after the first note. subsequently became positive. 


A — 


TABLE 2 


NUMBER OF MEN 


WITH 
SHED | WORK } NUMBER SS 


NUMBER | OF MEN 
| Negative); Positive 

Findings) Findings 
| Forming 
| Casting A. 
| Assembling 

Pasting.. 

Casting 

Furnace..... 

lilling plates 


Plate StOPreS.......cccecceces 


“Positive” means merely that punctate table shows the results of a survey by 
red cells were present. ‘Forming’? random selection with one test only 
is an electrical process involving little for each man. 

danger from exposure to lead. ‘‘Cast- There is a fairly definite relation- 
ing A’’ isa process of die casting. The ship between the occurrence of punc- 
molten metal is introduced mechani- tate basophilia and the nature of th: 
cally by pressure into molds. The work. The occupations given might 
melting pots are enclosed. ‘Casting be arranged in the following orde: 
B”’ is practically the same as casting A, beginning with the one involving prac- 
but the metal is poured into molds _ tically no risk: forming, filling plates, 
by hand ladles. ‘‘Lead burning’ in- lead burning, casting A, casting 
cludes several kinds of work in which plate store, pasting, furnace. It | 
small articles are melted by an oxy- not possible to eliminate the distur)- 
hydrogen flame. ‘Pasting’ is load- ing influence of previous occupatio! 
ing plates by hand with a paste and it is possible that the sing 


containing lead compounds. “Fill- positive case among the worker 


ing plates’ is a process in which engaged in forming was really 
ribbons or coils of metallic lead are’ result of other work. Probably 
placed by hand into frames. The the occupation of casting appears t 
furnace is a blast smelting furnace for be more hazardous than it really 
recovering lead from scrap materials. and no account is taken of the ell 
“Plate stores’ work involves some of the duration of exposure to lead 1 
exposure to lead in the form of dust. ach group, as sufficient numbers 
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observations were not available. The 
‘yrnace work involves a high degree of 
exposure to lead but the furnace is 
worked intermittently. It is usually 
~in night and day for a time and then 


HED WORK 
UMBER 





Joiners..... 


14 ie Se kot bs i a tb ca euch ais 
5 EE oe i tie bad caked awe 
8 in 8 oe ek a KOE ORS OS 
7 0 I a ee re eae 
9 ee he cig ee KRDO RE Rees 
in 'oo oka Od awd 4a aS 

eRe ENS i.6 xine eeeeceas paren 


l i obs eh ae A Mesa kes 


stopped entirely, the men being drafted 
work from other work as 
In spite of these disturbing 
actors it seems clear that the more 
ingerous jobs yield a larger percent- 
of positives; probably with a more 


to this 


quired. 


tended series of observations it 
uld be possible to arrive at some 
ort of standard for various occupa- 
If this could be accomplished, 
eys of lead workers by means of 
ood examination would be of consid- 
ble value in the control of various 
lustries, 
in Table 2 the incidence of punc- 
basophilia according to various 
is is shown. In some sheds more 
The 


rm ““work’’ means the chief work. A 


to than one kind ot work is done. 


mber of cases are included which 
) ' not contained in Table 1. 
‘hese cases were in laborers. 
, | } n 

. Jaborer in a shed where a danger- 


some 


TABLE 3 
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ous process is carried on is frequently 
exposed to the same risk as a man 
engaged in that process. Probably in 
many instances it would be advanta- 
geous for administrative purposes to 


PERCENT-| 


AGE OF 
MEN  |MEAN OF 
NUMBER | \.yqj, | HIGHEST 
OF MEN plug | COUNTS 


POSITIVE | 
FINDINGS | 


3 oe Keren 
keaaenieea 4 0.0 ante 
Serr erase TT Te 1] 0.0 evens 
eeriina caeaiee 2 0.0 canieals 
er ee Tee TC rE e 24 4.2 3, 236 
eeTer err rerre 27 5.0 4,737 
Sewer ree re cree 5 6.0 5,375 
ery eee Tere 4 7.5 3,333 
ee rey ee 54 9.2 11,005 
estimate the incidence of punctate 


basophilia according to the shed or 
place of work rather than according to 
occupation. 

Table 3 cases of 
workers not exposed to lead which 
serve as controls. 


includes a few 
Plus positive means 
a high degree of punctate basophilia, 
that is, the presence of punctate red 
cells in comparatively large numbers, 
more than 1,000 per million. The 
last column shows the mean of the 
highest instances where 
there were records of more than one 


counts in 


count and is included merely to give 
some idea of the number of punctate 
red found in 
In this table 


working under lead conditions 


cells which may be 
various circumstances. 
men 
for short periods (less than a month) 


are excluded. 


These results suggest that a better 
indication of the relative danger of 
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various occupations is obtained by a 
method of blood examination which 
involves a numerical estimate of the 
degree of punctate basophilia than by 
determining merely its absence or its 


TAB 


NUMBER 


WORK CHIEF SYMPTOMS 


| 


Colic; constipation 
Colic: 
Cole; tremor 
Colie; 


anemia 
wrist drop 


Laborer | Colic; 


The results also suggest 
that standards ranging from 100 to 
None of the men 


included in ‘Table 3 


presence. 


500 are too low. 
showed definite 
signs of lead poisoning. Some cases 
included in Table 2 are not included 
in ‘lable 3, and vice versa. 


[In Table 4 


observations on 


are summarized some 


men who had 
recovered 


trom 


more or less completely 
No punctate red 
cells were found in any of these cases. 


plumbism. 


In cases of plumbism punctate red 
eells may be found for a long period 
lead 


ve absent when symptoms 


after exposure to has ceased. 
They may | 
are present, or vice and 


versa, may 


disappear for a time and appear again. 
There is no constant correspondence 
between severity of symptoms and 
degree of punctate basophilia, nor 
between progressive diminution in the 
number of punctate red cells and 
progress toward recovery. 


Table 5 shows the number of punc- 


const ipat ion; tremor 
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tate red cells per million red ¢eljg 
found in eight men who were trans. 
ferred to non-lead work without def- 
nite symptoms of lead poisoning hy; 
with some suspicious signs, and jp 


Ll 


LE 4 


INTER- 
VAL 
SINCE 
EXPO- 
SURE TO 
LEAD 


SYMPTOMS STILL PRESEN’ 


Urs./me 
~ Slight tremor 
7 None 
Slight anemia 
Slight wrist drop; occasional 
colie 
~/§ Slight colie 


three men with definite signs of lead 
poisoning. The third column gives 
the duration of exposure to lead at the 
time of transfer or cessation of work. 
The fourth column shows the number 
of punctate red cells found within a 
reasonable time after cessation of expo- 
sure to lead but not invariably on 
precisely the same date as the date of 
transfer or cessation of work. ‘There 
is a high degree of punctate basophilia 
in ten instances. In the first cas 
only one examination was made 
three weeks after exposure to lead 
had ceased. In six cases more tlian 
10,000 punctate red cells were present 
and in four cases more than 20,000 
It is probable that a high degree 

punctate basophilia is present in p! 
tically all cases of lead poisoni! 
provided that the examination 1s 
made within a week or two after expo- 
sure to lead has ceased; but there : 
exceptions, and a high degree is | 
no means a certain proof of lead po 











Ca 
le 
lead 
tha 
Jf Thi 
} 

J. 
e 

)} 
ng 
. Is 





‘lime to time; it 
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soning. It may occur and persist for 
long periods without any sign what- 
over of ill health. It may appear 


TABLE 5 





| 
| 
| 





| 
| 
| 
! 
| 





=~ } J 2 

| « & AFA 

| & BAB 

| = ie) | [ow ~ C) 

, zE Bi 

| fae | Baz 

- en gw Zoe 

yrs./mos. 

‘ . cad ‘ end 

7 eae 1/7 250 
phe See 

. | Filling plates.... 3/7 2,000 

150 | Casting..........} 4/11 3,000 

152 | Plate stores......| 7 3,400 

2s. reer | 1/6 5,700 

IS PTET TT ee 3/6 23,500 

S eee Q 25,000 

05 | PRSUP i. cc usceses | 8/6 26,000 

S | POSteP... i vcccecel €/= 14, 400 

2 leer ree 3/7 15.000 
Casting A........ | a 

t » —/]] 27,100 

Casting Bisse 


within a few days of commencing work 


violent fluctuations from 

usually vanishes 

iowly after exposure has ceased. 

some of the peculiarities of punc- 
basophilia are illustrated in the 


nd show 


‘ollowing cases, where it was possible 
to collect records of several examina- 
tions at various intervals. 


& 64.2—Worker in pasting shed, aged 


Punctate Red 
bate os lls 


24,1922 Began work. None 
MM Wed 4643000N5008 3,410 
Sy i ae 9 400 
i Se “cides aeecueiveds 17 , 300 
We WE hncks eeencwesvcns 12,700 


Feb, 6, 1924 Good health. 


of plumbism 


No sign 
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Case 34.2—Paster for seven years, aged 


37. 


Date 


June 
Nov. 
Jan. 
April 
July 
Oct. 


15, 1922 
16, 1922 
8, 1923 
19, 1923 
3, 192: 
29, 1923 


Punctate Red 
Cells 


CeCe € 28S 824 8 89 8 OO 


S806 064640046 6 € 6.4.8 


1,080 
5,120 
3,500 
2,000 
8,100 
8,800 


Case 97.2—Paster for three years, aged 


26. 
Punctate Red 
Date Cells 
Re OM sees eevcesanees 13,000 
ee Bee He SG bewdoncxesesas 11,200 
July re ene en 16,000 


Cask 108.2—Paster for three and one-half 


years, aged 30. 


Punctate Red 


Date Cells 
Jan. eer ee rere 11,400 
i) WO ies a cacec ees 7,000 
July Se 10,900 
Oct. 29,1923 ................23,500 
Jan. 30, 1924 Transferred to non- 

lead work... 
Feb. Si OE HN enh wawaveceens 900 


Case 26.2—Furnace and plate stores f 
six years, aged 45. 
Punctate Red 


Date Cells 
oo rE 7,700 
Feb. DE iséeendacacwseas 13,700 
JS ae 16,200 
DO Bes BU seweuccuencusees 6, SOO 
a ee 11,300 
Sept. 23,1028 ............60. 19, 600 
Oct. 1, 1923 .........eec cee 10, 100 
Oct. Server rrr Tre 15,000 
Jan. = are er reer 6, 640 


or 


Cask 33.3—~Paster for seven years, aged 


28. (Lead poisoning. ) 
?'These men showed no symptoms 
plumbism., 


>This man had some suspicious sym 
toms in 1916, 1919, and 1920. 


of 


p- 
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Punctate Red 
Date Cells 
eo a > > ee 1,730 


Some extensor 
paralysis. Sus- 


Nov. 8, 1922 


pended. Plumbism 
Nov. 9, 1922 ...........000. 14, 400 
OC x i, . See 14,200 
ee, se “Esch ee eka ae 9,300 
Dec. oe See h wk eee 5, 700 
oe a Pere 8,000 
:: Gee Aceeenoueewves 4,000 
Pork... ie MEE. “<40%40d00 wees 6, 600 
DEMGER G, BE 40005 s002 6a0000% 3,000 
a OR ee eT ren 1,100 


Cask 2.—Paster for three years and seven 
months, aged 40. (Lead poisoning.) 
Punctate Red 


Date Cells 
Nov. We «24s wantsaesetes 4,570 
Nov. 1, 1922 Colic, constipa- 

pation. Plumbism 
ae, Bi SE secesesenesneaan 15,000 
Nov. , We” <s1820n0e neon ees 14, 400 
Ae oe rere rere rere 10,000 
Dec. ee ME ¥0.6ssb05250 40008 4,800 
Dec. 21, 1922 .........cce cease 8 000 
Jan. Prec rr rer. 2,100 
a Serre re eee 500 
March 28, 1923 ....cccccccccees 200 
, oo a oe, None 


Table 6 shows the relation between 
various physical conditions and punc- 
tate basophilia in a total number of 
138 men having various occupations 
The men 
are divided into two groups, “above 
and the 
percentages of positive and of plus 


involving exposure to lead. 


mean” and “below mean,” 
positive are calculated, plus positive 
being more than 1,000 punctate red 
eells per million red corpuscles. 

lor the purposes of this table artifi- 
cial teeth which many of the men used 
not counted as teeth. 


are Very few 


men had good teeth. ‘The blood pres- 


sure was estimated by means of the 


Tycos apparatus, and one observation 
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only was made at the time of the fips 
clinical examination on the case sheet. 


Defects and injuries include chiefly 


old wounds and nothing that obviously 


impaired the man’s general health 0, 
for employment. 


suitability 








PHYSICAL CONDITIONS 


TOTAL MEN 





Height (mean 664 in.): 
Above mean............... 


Below mean............... 


Weight (mean 1393 lb.): 
Above mean............ 
Below mean............... 

Teeth (mean number 19): 
Above mean............... 
Below mean............... 


Blood pressure (mean 117): 
Above mean............... 
Below mean............... 


Defects and injuries: 
None 


PR cca Keene eee ee 


.iAetrar eS &aeeanae 6 628 4 @ 6 68H a 


Tobacco: 


Aleohol: 
None.... 


Some... 


“xercise: 


—) 





86 


52 


79 


a 


59 


84 
54 


68 


70 |: 


—— 


id 


61 


Thi Tre 


OF 


PERCENTAGE 





Findings 


Positive 


~ 


58. 4/3: 


70.4 


+)>- 


H9 54 


MEN WITH 


-_ 


Plus Positive 


138 
67 3/3 


ha iS 


Findings 


ww 
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were no eases of disease of the lungs 
and only one of heart disease (aortic 
-oourgitation). A large number of 
‘he men took some sort of physical 
sxepeise-—football, walking, bowling, 
swimming—and practically all were 
nersonally clean and had good homes. 
Divestion was good in all but a very 
few instances. 

The number of the records is 
obviously too smal! for statistical pur- 
) nevertheless, the table gives 
some idea of the general physique and 
social status of the men. The main 
purpose in collecting the details of 
clinical examination was to ascertain, 
if possible, what is the best kind of 
man to employ in conditions involving 
exposure to lead. Judging by the 
results shown it seems that the best 
that is, the man most likely to 
maintain his health—is one of about 
ve height and weight, who has 
teeth, low blood pressure, and 
fects or injuries, and who is a 
nonsmoker and more or less of an 


ris .* 
f\ ~ 
DUS ‘ 


man 


average 
sood 

le 

4 


ho dade 


CONCLUSIONS 


|. ‘Che methods employed in detect- 
ing punctate basophilia are simple and 
capable of being applied on a large 
scale. The enumeration of the num- 
er of punctate cells present is sub- 
ject to inaccuracies, some of which 
not capable of complete elimina- 
tion by technical skill and personal 


cuugence, 


i 
’ 


¢. The presence of punctate baso- 
lia is an extremely delicate method 
detecting lead absorption. A blood 
. unination is of great value to the 
clinician. It will often bring to light 


of lead absorption where the 


Pst ts 








signs usually relied on are non- 
existent. 

3. The degree of punctate baso- 
philia determined by an estimation of 
the number of punctate red 
present affords an indication of the 
amount of absorption taking place. 
A blood film examination is frequently 
of great value as a warning or danger 
signal. 

4. A blood film examination similar 
to the one described in the preceding 
pages cannot be relied on as a crucial 
test to distinguish between lead 
absorption and lead poisoning. 

The following remarks are intended 
to express the writer’s views regarding 
the value of a simple blood film exami- 
nation performed solely for the pur- 
pose of detecting and estimating punc- 
tate basophilia: 

The chief value of a blood film 
examination rests in the fact that it 
supplies an objective sign outside the 
control of the patient. It affords a 
piece of medical evidence which must 
be considered along with whatever 
evidence is available in making a 
diagnosis. 

Punctate basophilia is probably 
present in practically all cases of lead 
poisoning, but it may be absent or 
present only intermittently. There- 
fore a negative result should not be 
regarded as conclusive, unless repeated 
examinations have been made within a 
reasonable time of cessation of work. 


eells 


In typical cases of lead colic, punc- 


tate basophilia is almost invariably 
present and a negative result in cases 
of that type is strong evidence against 
lead poisoning. 

A slight degree of punctate baso- 
philia should be regarded as practically 
a normal condition in men exposed to 
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lead and is, therefore, a piece of evi- 
A high 


degree is of greater diagnostic value 


dence of no diagnostic value. 


but it is by no means a definite proof 
of lead poisoning. The writer 1s not 
prepared to say what constitutes a 
high degree, though the standards of 
300 per million are certainly too low. 
film 
of the greatest service when used as a 


5. Routine examinations are 


sort of detective agent, but are of less 
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value in the diagnosis of lead poisop- 
ing. It is possible that further yo. 
searches will disclose some method o; 
distinguishing between lead absorptio 
and lead poisoning. 

The writer desires to express his 
appreciation of Dr. MacMillan’s e¢: 
ful and laborious work, of the publ; 


spirited action of the Chloride Coi- 
pany and its staff, and also 
willing co-operation of the workmen 


ot 
































THE PHOTOGRAPHY AND MEASUREMENT OF FINE PARTICLES* 


HENRY GREEN 


Research Laboratory, The New Jersey Zinc Company, Palmerton, Pa. 


HE photography of fine parti- 
eles is an art, the success of 
which depends almost entirely 

on the manner in which the _ investi- 
vator has dispersed and mounted his 
material. If this has been done cor- 
rectly, particle photography becomes 

comparatively simple matter; on 
the other hand, if the mount is faulty, 
then the greatest skill and the finest 
equipment will be of little avail. 
very microscopist undertaking par- 
ticle work recognizes this statement as 
axiomatic, consequently the greater 
part of his time is not consumed in 
experimenting with new methods of 
illumination, new lenses, ete., but, 
instead, is devoted to the develop- 
ment of better methods of dispersing 
nd mounting. He will, also, realize 

‘fact that practically no two sub- 
stances can be treated exactly alike; 
that is, each subject requires a some- 
what different method of attack. 


PHOTOMICROSCOPY 
Terminology 


ne terminology used in particle 
«is of prime importance; in order, 

‘ore, to keep our ideas clear from 
start, and to avoid confusion, a 


't devised for pigment microscopy 


eceived for publication Jan. 10, 1925. 


a 


155 


is inserted (see Fig. 1). The terms 
are general and apply to materials 
other than pigments and fillers. 

The Individual Particle—The term 
individual particle to those 
minute units of matter (of which the 
material is composed) whose size and 
shape depend only on the force of 
cohesion. Such particles cannot be 
subdivided without separating like 
molecules that are within the range of 
the cohesive attraction of one another. 

The Ultimate Working Unit.—This 
may be an individual particle, or it 
may be any group of individual parti- 
cles that are so firmly held together 
by forees of adhesion that they remain 
intact as a group during the duration 
of their commercial application. Such 


refers 


a group is called a complex. 
Aqgreqates.—Any group of two or 
There 
are three forms of aggregation included 
in the the 
the most important. 
Floceulate. 
where particles have been incorpo- 
rated a liquid medium. A _ floe- 
of particles held 
together by a force, apparently arising 


more particles is an aggregate. 


chart, flocculate being 


flocculation occurs only 


in 
culate 1s a group 
from surface tension, at the interface. 
‘This force of flocculation is relatively 
weak and not comparable with the 
force of adhesion that holds complexes 


together, consequently flocculates do 
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not function as large individual par- 
ticles, and cannot be classified under 
ultimate working units. Under slight 
continuously applied force flocculates 
are constantly breaking down and 
re-forming. 

When the investigator has a cor- 
rect coneeption of these terms, it 
becomes easier to develop satisfactory 
methods for showing under the micro- 
either the ultimate working 
units or any of the various states of 


Scope 


AGLTCO 


grregation that may exist. 


Preparation of the Mount 


As stated, the preparation of the 
mount is the really important factor 
measurement. 
first, In 


involved — in 
It is evident 


particle 
that order to 
obtain satisfactory results, the indi- 
vidual particles must be detached and 
evenly distributed; that 1s, all states 
eliminated 
with the exception of complexes (if 


of aggregation must be 


complexes exist). Second, the parti- 
eles must not be broken or ground 
the 
Third, all the various sizes of particles 


during process of dispersion. 
that exist in a sample must be present 
lourth, 


sufficient number of 


in their correct proportion. 
there must be a 
particles present to give atrue average. 
fifth, the particles must le in one 
plane and be free from motion. 

The method of preparing particles 
in such a manner that these conditions 
are maintained is described by the 
author in a paper entitled, ““A Photo- 
micrographic Method for the Deter- 
Particle Paint 
and Rubber Pigments.’ Briefly, the 


mination of Size of 


method consists in rubbing the parti- 


1 Jour. Franklin Inst., 1921, 192, 637. 
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cles out into an exceedingly thin Layo, 
with turpentine on a microscope slide. 
evaporating the turpentine, and 
mounting in glycerin or any othe; 
suitable medium. 

his method requires considera}le 
practice before a deflocculated moun: 
‘an be made. The following variation 
is considerably easier to acquire 2 


The most useful pigment [particle] dis. 
persions are those that are built up like 
wedges—that is, the _ particle 
(number of particles per unit area 
volume) varies gradually from a thin edy 
to a thick one. On a wedge mou 
any degree of density can be found for 
inspection. At the thin edge of the wedy 
perfect deflocculation usually exists, 
such a spot can be used for photomicrosco) 
and particle measurement, if desired. 

Rub out [with a glass rod on a micr 
scope slide] the pigment with redistil 
turpentine until all visible lumps are broken 
up. Hold the rod firmly so that it does 
not twist in the hand, then, with a rotar 
motion in the plane of the slide, pass the 
rod from one end of the slide to the other 
and backward again. 
the rubbing until the turpentine is nearly, 
(If the rubbing 
is continued too long, bunching and strea! 
ing of the pigment occur.) Place on a hot 
plate and drive off the last trace of ¢ 
pentine. 


density 


; 
Continue 


but not quite, evaporated. 


When the correct rotary motion’ Is 
acquired, and the mount is sufficiently 
moistened with turpentine, the result 
will be a series of parallel wedges (built 
up of particles) running across 
slide, consequently this type of mount 


2 Green, H.: The Microchemistry 
White Pigments and Inerts as They 0 
Mixed in Paints. Jour. Indust. and [ing! 
Chem., 1924, 16, 677. 

> This motion is slight and is made 
the arm nearly rigid. The motion is m: 
principally from the shoulder. The rad 
of rotation is about 2 or 3 mm. 
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has been called the “multiple wedge 


dispersion.”? Such a mount is easy 
to make and is the most generally 
useful type; but it has one fault, and 
that is that it does not always give the 
highest state of defloceulation attain- 
able. 


defloeceulation. resort must be had to 


In order to produce complete 


a hot viscous mounting medium that 
Melted dam- 
useful in 


will solidify on cooling. 


mar has been found this 


respect and has been employed in 


making a type of mount called a 


“circular wedge dispersion.” ‘This 
has been deseribed in the same paper 
from which the preceeding quotation 
was taken. 
Assuming that a suitable disper- 
sion has been made by some method 
such as the multiple wedge type (but 
the the 


question to be settled is that of the 


not circular wedge), next 


refraction of the 
If the particles 


proper index — of 
mounting medium. 
are so large that only low powers of 
the the 


material may be observed or photo- 


microscope are necessary, 


graphed dry; that is, no mounting 
used. If 
and 


medium = is magnifications 
of 150 


required, it becomes imperative that 


diameters upward are 
9 solid or 
If this 
material should have the same index 


fixed in 
kind. 


the particles be 
liquid medium of some 
of refraction as the particle, the parti- 
cle becomes invisible 1f colorless; con- 
the 


» difference 


sequently in order to bring out 


particle there must exist 
index between it and the 
this 


exists when the particle is mounted 


in refraet ive 


medium. Of differenee 


COUFSe 


drv, but as the index of refraction of 


nir is much lower than that of glass. 
refraction of thi lioht takes place 
with a resulting loss in numerical 
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aperture; that is, the objective loses 
its ability to show fine detail correctly. 

In order to obtain the full use of the 
aperture, the mounting medium should 


have an index of refraction not less 
than that of cedar oil (1.51). On 
account of the faet that the space 


between the cover glass and the slide 
in which the particles are mounted js 
very shallow, a slight departure from 
this rule is not serious. Glycerin, 
for instance, with an index of refrae- 
tion of 1.47 makes a good medium for 
particles of high refraction, such as 
zine oxide, basic lead sulphate, litho- 
pone, ete. 

If the particles have a low refrac- 
tive index, the best medium is methy- 
lene 1odide (1.76). The class of mater- 
ials that gives the microscopist the 
most the one that falls 
between the approximate limits, 1.58 
to 1.68. Glycerin is not low enough 
methylene iodide is not high 
enough for such 
dry lens can be used, water may be 
substituted for glycerin; but if high 


Lt . 


trouble is 


and 
substances. If a 


power is required, this procedure « 
not produce very satisfactory results 
« condition due, as stated, to loss of 
aperture. 

All textbooks on petrology and or 
microscopy give lists of media of high 
refractive indices, but these materials 


are composed mainly of antimony 


' 


iodide, arsenic sulphide, antimony su! 
mhide, sulphur, and selenium; conse- 
quently they are deep red in colo! 
and permit light of long wave lengths 


The us 


reduces. th 


only to pass through them. 


of long wave lengths 


resolving power of an objective just 
the same as decreasing its numeric: 

° 7 
these materials 


aperture; therefore 


are not so satisfactory as microscopists 
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would like to have them. At present 
‘here are no entirely — satisfactory 
rynedia for materials of medium index 


of refraction. 
Procedure 


\ssuming that we now have a mount 
dy for examination, the next step 
the adjustment of the photomicro- 
eraphie equipment. As the reader 
is presumably familiar with the various 
parts of such apparatus, they will 
not be deseribed here. 
Centering—This means the align- 
ment of all the optical parts so that 
their optie axes eoincide throughout 
the system, from the illuminant to 
he eyepiece. The eyepiece is the 
starting point and is considered cen- 
tered to begin with. It must be 
stated here that no photomicrographic 
system can be eentered unless either 
the condenser or the objective holder 
or both) possesses a centering device. 
If the condenser only has such an 
adjustment, then remove the nose- 
piece from the tube and screw into its 
place a 16-mm. objective. Next close 
the diaphragm under the condenser to 
its smallest possible aperture. Now 
turn on the illumination and rack the 
tube up or down until a sharp image 
of the diaphragm can be seen through 


the microscope (with eyepiece inserted, 


ay 


ol course). Center this image withthe 


centering serews on the condenser. 
Open the diaphragm and remove the 
eyepiece. Now look down the tube 
nd center the illumination by moving 
mirror. If this cannot be done, 
ve the illumination slightly and 


n try centering again with the 
ror. When the best possible cen- 
ing Is obtained by this preliminary 


? 


‘hod, put the object slide on the 


microscope and focus on it. Remove 
the evepiece and again looking down 
the tube center the illumination by 
moving the mirror only, if possible. 
When the best possible adjustment is 
secured, place a small piece of ground 
glass on the top of the tube (eyepiece 
removed) and rack the condenser up 
or down until a sharp image of the 
illuminant is obtained on it. This 
is practically the position of critical 
illumination. If the image of the 
illuminant is not in the center of the 
opening of the tube, see if it ean be put 
there by moving the mirror; if moving 
the mirror does not center the image, 
then move the source of illumination. 
If both of these procedures fail, return 
to the previous adjustment and center 
by means of the centering screws on 
the condenser. ‘This adjustment must 
be only very slight, as the condenser 
should have been approximately cen- 
tered. 

The method of centering seems 
somewhat complicated, but it does not 
take more than a few minutes to go 
through the entire process after the 
investigator has become familiar with 
the apparatus. If the condenser does 
not contain a centering device and 
the objectives, instead, are provided 
with them, the process of centering 
is carried out in the same manner, 
except that adjustments are now made 
with the objective whereas they were 
previously made with the condenser. 

When the microscope is equipped 
with both centering condenser and 
centering objectives, the problem be- 
comes more complicated. The pro- 
cedure in such a case Is as follows: 

smoke one side of a microscope slide, 
and with a razor blade rule a fine 
cross on it. Mount in balsam and 
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wipe off the excess of carbon black 
outside the cover glass. Clamp this 
slide on the microscope stage and focus 
on it, using a 16-mm. objective and a 


medium power eyepiece. Next cen- 
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Fia. 2.—Showing the displacement of 
the cross from O’ to O when the objective 
is not in the center, and rotated 180°. 


ter the cross by moving the slide; 
remove the objective; loosen the tight- 
ening collar on the tube slide of the 
objective changer; rotate the tube 
slide through 180°; tighten the collar 
and insert the objective. 

If the svstem happened to be cor- 
rectly centered, a rotation through 
180° would not cause a displacement 
of the displacement did 
take place, however, as shown in 
Figure 2, then turn the adjustment 
screw of the objective slide so that 
the line CD moves halfway to C’D’ 
(the central Next the 
mechanical stage until CD has moved 


cross. If 


axis). move 
the remaining half distance to C’D’, 
In the manner AB till 
it reaches the middle line A’B’. Now 
rotate again through 180° and if any 
small displacement is found to take 


same move 
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place, center once more in halfway 
steps as just described. 

The centering carried out thus fay 
not only has centered the objective 
with the eyepiece, but also has placed 
the cross on the optic axis of the sys- 
tem. Remove the 16-mm. objective 
and replace with the 2-mm. objective. 
Center the cross with the adjustment 
screws of the objective slide only, 
Center the remaining objectives o| 
the set in the The 
condenser and illumination are then 
centered as previously described. 

The methods of centering given are 
for the vertical type of photomicro- 
graphic apparatus and 
changers similar to those made by 
Carl Zeiss. The vertical set-up has 
many advantages over the horizontal, 
For instance, it is less fatiguing 
use, the camera can be swung to one 
side permitting the investigator to 
look into the microscope, the focuser 
need not be held in the hand (which 
usually shakes) but can be rested on 
the focusing screen, liquids do not 
run off the slide, the immersion oil is 
easier to put on, and the apparatus 
occupies and is usually 


same manner. 


objective 


less room 
cheaper. 
Focusing.—The beginner is likely 
to assume that just as long as he has 
good eyesight and a properly illu- 
minated object, correct focusing should 
As a mat- 


easy to get large 


be comparatively simple. 
ter of fact, it is 
objects, under low power, in good 
without giving the 
much consideration; but fine particle 
work is an entirely different matter. 
If the particles to be photographed 
such as the finest 
zine oxides and gas blacks, then mono- 
chromatic light must be used so as to 


focus subject 


are very small, 
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. the condition that the chemical made if the condenser diaphragm is 
‘sual foci are coincident. A dif- nearly closed. 

oo of 0.25 micron would impair A convenient method of studying 
asults. This difference refers to the focus is by means of a sliding plate 
listanee between the objective  holder--taking a series of narrow 
photographs such as is shown in Figure 
3. This series starts below the focus 
with exposure 1 and ends above with 
exposure 6. Each step in change of 
focus is 0.5 micron. The subject is a 
thin sheet of rubber latex particles 
mounted in water and taken at 1,500 
diameters. It will be observed that 
the index of refraction of the particles 
is higher than that of the medium. 


Also it is apparent that exposure 4 Is 





the nearest to the correct tocus. At 





3— Series of strip photographs the center of the field, A, the particles 

difference in shade of particles are still slightly dark, and, since their 

bassing from below to above the index of refraction is above that of the 

medium, it follows that the lower focal 

plane of the evepiece is shghtly below 

the objeet, and not to the position the image formed hy the objective, 

‘he focusing screen. In other words, the objective is a 

One of the important steps in little too close to the particles. At 

hing to focus correctly is to make the extremities, CC’, the reverse coii- 
horough study of the appearance c c’ 






L yie HNAage both above and below the 





is. Assuming that we are exam- Ss A 
vy a colorless particle of higher - P 
‘ of refraction than that of the Pic. 4.—Showing the curvature of the 
‘ium, then, starting above the focus focal and image planes of the eyepiece and 
racking downward, it will be objective. The points BB" are in focus, 
rved that the particle ‘except its dition is true; therefore the correct 
Is whitish on a darker field and foeus is somewhere between A and ©, 
Ins so until the focus has been at about the point B. This will be 
| whereupon if appears dark made clear on studving the diagram 
lighter field. If the refractive shown in Figure 4. 
the particle is lower than Figure 4 is a vertical cross section, 
of the medium, the transforma- showing the focal plane, CC’, of the 
take place in the reverse order; eyepiece, and the plane of the image, 


hocusiIng gives Us a means ot PP’, formed by the objective. The 


binning the relative positions Ot point \ is below the Wage: the points 
]; 


NaiCeSs Of retraction ot particle Bp’ are exactly in focus: and the 


CLIiUt), his Lest Is more casily points Zz Arce above the LOCUS, lo 
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bring the point A into the image plane 
of the objective, rack upward; to 
bring the points CC’ into focus, rack 
downward. 

the curvature of 
these planes it would be impossible to 


On aeeount of 


obtain a focus on more than a mere 
point in the middle of the field, or on 
a circle concentric to it, if the particles 
had zero depth. not 


Sinee this is 


the case—all particles having a finite 


depth 
field in focus considerably larger than 


it becomes possible to have a 


otherwise, for in this case the cross 
section PP’ is not a line, but possesses 
a second dimension perpendicular to 
it and equal to the depth of the parti- 


ele. 


the Lops of the particles will he In 


C‘onsequently in the outer zones, 


focus. while in the center of the tield 
their bases will be foeused. It fol- 
lows, theretore, that the finer the 


particles, the smaller is the field they 
ceive that is in focus. 

This natural curvature of the image 
and focal planes is usually considered a 
defeet, but for fine particle Mucroscopy 
it serves a useful purpose, giving the in- 
vestigator a means of knowing not only 
on what side of the focus a photograph 
but also indicating 
much the 
adjustment must be turned in order to 


has been taken, 


approximately how fine 


secure a correct focus. Starting above 
the foeus and racking down, stop at 


the point where the particles are about 


to change from white to black (or 
ce versa this will be the correct 
focus. Make an exposure and exam- 


the 
change from black to white is not in 
the center of the field, the focus has 
been slightly passed. 


ine the negative. If point ot 


On the other hand, if there is no 
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indication that a change is about 
that is, the particles are 
the has 
been reached, or it has been pa; 


oceur 


one shade—then focus 

completely; the particular shade 

the particle will indicate which. 
Making — th 


that we 


N eqative.— Assun 


have a suitable mount 
centered system, critical illuminati 
the n 


step is to adjust the intensity of 


and monochromatic light, 
illumination. Swing the camers 

one side and foeus on the particles. 
Open the diaphragm all the way and 
then gradually close it until the imag 
is free from indistinectness due to too 
much light. If any of the standard 
photomicrographic — illuminants 

used, the field will still appear unco) 
When t! 


eveplece 1S removed. it wil] he fom 


fortably bright to the eve. 


that the back lens of the objective is 
filled with light. 
Now swing the camera back in posi- 


about two-thirds 
tion and place in it a clear glass focus- 
ing sereen. Rest upon the screen 
focuser, just a trifle to one side ot t! 
eenter, and focus aceording to. tli 
instructions previously given. 

lor fine particle work a magnifica- 
tion of 1.200 to 1,500 diameters is ce- 
sirable. This requires a 2-mm. objec- 
tive, a medium power eveplece, and al 


When thi 


combination is employed, together wit! 


/ 


oll immersion condenser. 


medium speed plates, an exposure 
five to ten seconds should be sufficient 
lor colorless particles less than 0. 
micron, 1t is desirable to use a contr 
Avoid 


cause distortion of the gelatin. Pn 


developer. developers th 


on glossy paper and finish on a fer! 


type plate. 
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\)eTERMINING THE PARTICLE SIZE 


Yhe term particle size should refer 


‘he volume of the particle. It is 


<tomary, however, and more con- 
sient to give it in terms of length, 
ameter. The length of the diame- 


‘ a sphere, then, is its size; but 
is the eorrect diameter to be 


hosen for nonspherical particles? 
rhis is the fundamental source of 
able involved in the direct measure- 
ent method, and a satisfactory solu- 
n for it will probably never be 


it ean be shown that 


1 
wWweT 
yy iif 
7 
or 
LA 
; 
; 


1] 
Nit 


Spu = 6 (1) 


ere S is the surface in square 
eters of 1 gm. of material, p the 
nsity of the particle in grams, and yp 
e diameter of the particle in microns, 


the particles being spheres of the 


me size. On account of the extreme 


ry) 


+ 
{) 


} 
1; 
i 


plicity of equation 1 it is desirable 


apply it generally, and this can be 
ne to a certain extent, for it is easily 


oved that the harmonic mean of the 


’ 


‘dimensions of a rectangular par- 
lopiped also satisfies this equation. 


we assume, therefore, that all non- 
pherical particles approximate in 


? 


orm a rectangular parallelopiped, the 


(*()7 


| 


Phe 


rect diameter to select will be the 
rmonie mean of its three dimensions. 


fographically, only two dimen- 


ons can be shown, so the third must 


' 
| 


stimated; this can be done in most 
‘ with sufficient accuracy for gen- 
purposes. If the particles are 
| and roundish, the most practi- 
procedure is to assume that they 
oximate spheres and to measure 
one dimension. 

“ving decided on the most suit- 


able diameter for the particle, the next 
problem is to determine the correct 
average particle size for a mass of 
material. The mathematical mean is 
used for calculating the uniformity 
coefficient, U, and for calculating the 
percentage of each size particle pres- 
ent, but it cannot be substituted for 
uw in equation 1, if we wish to deter- 
mine specific surface. Perrott and 
KXinney* have recently shown that 
for specific surface determinations 
derived from equation 1, 


A 


' >n d 
the correct average diameter = — [2 (2) 
n d* 


M 


where d is the diameter of the particle, 
and n is the number of times it occurs, 
2.¢€., 1ts frequency. 


Method of Measurement 


After the negative is dry it is placed 
in a stereopticon and adjusted for 
a known magnification. The total 
magnification of the image thrown on 
the screen will be the magnification 
of the stereopticon times that of the 
negative. For fine particle work a 
total magnification of 25,000 diameters 
is usually sufficient. Mark the screen 
off into small squares and measure, 
with a millimeter rule, all the particles 
that are in focus in each square before 
proceeding to the next one. Do not 
skip any squares. The number of 
particles to be measured will depend 
on the degree of accuracy required 
and the uniformity of the material. 
With a substance like French Process 
zine oxide, a fair average can be 
obtained from the measurement of a 


4Perrott, G. St. J., and Kinney, 8. P.: 


. 


The Meaning and Microscopic Measure- 


ment of Average Particle Size. Jour. Am. 
Ceramic Soc., 1923, 6, 417. 
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few hundred particles. On the other 
hand, materials of low uniformity 
might easily require the measurement 
of many thousands of particles. 

As each particle is measured, it is 
called off by the investigator and 
rim 
rhe 


time consumed per particle is some- 


marked down by an assistant. 
what less than a second. For a par- 
ticle of 


dimensions 


the nonspherical tvpe two 
read the third 
These are recorded on a 


are and 


estimated. 


separate sheet of paper, and their 
harmonie mean is caleulated. This 
mean is then marked in its proper 


place with the spherical or approxi- 
Particles 


that are decidedly tabular cannot have 


mately spherical particles. 


their third dimensions estimated very 
easily and are difficult subjects, there- 
fore, for microscopic measurement. 
‘The seale on the fine adjustment can 
be used for measuring the depth, by 
focusing first on the top and then on 
The 
difference in seale reading gives the 
If the particles 
are acicular their depth is usually 


the bottom of such particles. 
thickness in microns. 


approximately equal to their width, 
and can, therefore, be estimated from 
the image on the negative. 

In recording the measurements, the 
should first down a 
vertical column of figures, commencing 


assistant mark 
with zero and extending as far as is 
found necessary. ‘These figures repre- 


sent millimeters, and a stroke is 
placed after each particular one as a 
called the 


Systematized in this 
matter to eal- 


measurement Is out by 
investigator. 
manner, 1t Is an easy 
culate the mathematical average and 
the deviation of each size particle from 
the 
efficient is desired). 


average (if the uniformity co- 





THE JOURNAL OF INDUSTRIAL HYGIENE 


’ ° . . -” | n 
Uniformity coefficient, U, = Ve 
= Vv 


‘ 
— 


r2 


In this equation, n is the number of 
particles measured and v is the devia. 
tion from the average. 

If specific surface is required, th 
average diameter is calculated fro 
equation 2, which 
cubes and squares of the millimetoe, 
The result must he 
divided, of course, by the total magni- 
fication. If all the particles of » 
material are the same size, then U 


= ©, and the uniformity is perfect. 


necessitates the 


measurements. 


If U = 0, then no two of the particles 
The averag 


are equal in diameter. 
diameter, together with the uniform- 
ity coefficient, completely defines 
given material in regard to its particle: 
U is the so-called “‘precision”’ coeflici- 
ent of the probability curve. Assuming 
that the particle frequency distribu- 
tion gives that form of curve, then 
n=ke em ay 
where n is the frequency of the particle 
size x, a the mathematical average, ‘ 
the base of the natural logarithms, 
the maximum value of n, and U the 
coefficient of uniformity. This equa- 
tion is used to determine the percent- 
age of particles of any given size occur- 
ring in a material. 
The Measurement of Materials 
Exceptionally Low Uniformity 


Clays and ground products fall | 
In spite of the fact 

these materials are industrially im) 
tant, it is doubtful if any very suce 


, 
‘ 


ful measurements have been madi 


] 


this class. 


Microscopically they are « 
posed of some particles that are 
coarse for high magnification and 


them. 











PHOTOMICROGRAPHIC MEASUREMENT OF PARTICLES 


that are too small for low; 
on a single negative all the 
‘les cannot be in focus. If two 


sires can be made of the same 


and area, one showing the coarse 














be ee 


biG, 0 A mount of zine oxide correctly 
lispersed for photomicrographie measure- 

ts. X 1200. 

rticles in focus and the other the 
ones, & measurement can be made 
the manner before deseribed, pro- 
d enough particles can be photo- 
phed. This possibility is not likely 


oeeur often: in) CASE it does not 
ir. proceed “as follows: 

by elutriation, separate the material 

three 


‘lun, and 


orades, (A) coarse, (B 
(*) fine. J)etermine the 
‘entages of A. 

es 2a 


negatives of A, B, 


and ©, and eall 


) 
) 
and Z, respectively. 


and (’, meas- 
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ure the particles in 
by their 


ach, and divide 
respective magnifications. 
Calculate the uniformity coefficients. 
Substitute these values in equation 4 
and the percentage fre- 
quency of each size particle in the three 
vroups. 


determine 


Multiply each frequency In 


\, by X;in B, by Y;in C, by Z. The 
result will give the frequency  dis- 


tribution curve of the original material 
and from this the average particle 
size can be ealeulated. 


SUMMARY 


In this paper it has been assumed 
that the reader is acquainted with the 


parts and uses of a photomicrographic 


outfit; consequently the author has 
dealt more specifically with the proper 
adjustment of equipment and the 


special technic for photomicrographic 
measurements. 

The subject has been divided into 
two parts: the first dealing 
photomicroscopy; and the 
with the subject of particles and their 


with 


second 


measurement from the negative. 
The various points that have been 


treated are: the terminology; the 
mount; centering the system and 


adjusting the illumination: focusing; 
making the negative; the size of the 
particle; the average particie size of a 
mass of material; the method of meas- 
and 


uniformity coefficient: 


urement: 
the methods for measuring materials 
of low uniformity. 
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the 
necessary 1n 


OBODY disputes fact 
that it is the 
interests both of the workers 

and of the work that every factory 
should be comfortable, that the air 
stagnant, 


should 


should he and not 
that 


be neither 


pure 
the 


too 


and temperature 


high nor too low. 
The difficulty lies, as in the case of 
so many other problems, not with 
the aim but with the application of 
that 

What 


pherie condition? 


alum. 


constitutes a good atmos- 
Nobody who has 
had experience of factories can have 
failed to the 
between fresh-air fiends and stuffiness- 
the 


ideal to the one is loathed by the 


meet constant feud 


lovers: atmospheric condition 


other. lortunately, recent researches 
of Dr. Leonard Hill and others 
have enabled an objective criterion 
to be applied 1n place of the old 


Ir. has shown 


coneentration on 


subjective one. Hill 
that the 
properties of good air has obscured 


chemical 


other equally necessary qualities, and 
that 
ble indieator of atmospheric condi- 


the thermometer is not a relia- 


tions. The bodily comfort and the 
depend to a 
the 


efficiency of workers 


considerable extent on cooling 


’ Received for publicati 1} Lect. 13. 194. 





LOO 


Thus the temp 
factories 


power of the air. 


ture of two may be 
however, the air of one js 
while that 


not, then the comfort of the workers 


same: qf. 


stagnant of the other js 


in the two factories will be ver 
different. The difference is — |est 
measured by the kata-thermomete 
which registers the cooling power ot 


the air. This” instrument 
the time taken for the thermomete: 
to fall from 100°. to 95°F. Details 
for the the instrument ar 
given in various publications. It is 
for the 


of the results obtained by the use of 


registers 


use of 


not necessary understanding 
this instrument to study the actual 
theories underlying its use. 

l'rom very many observations |r. 
Hill (1) that the kat 
thermometer should register a cooling 


estimates 


power of 6 for sedentary workers 
Little of the work of laundries cx 


however, be called sedentary, 
much of it 1s heavy; a cooling powe! 
of 6 is, then, the very lowest 


should appear in records of atiios- 


pheric conditions. In interpret 


the following results the mor 
record exceeds 6, the better it 
the lower it is, the worse are 


conditions. 
Reeords were obtained from tTwe 


two laundries at the following | 
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to fairly good adaptations of build- 
ings already in existence. It has 
to be remembered that in laundries 
the ventilation problem is compli- 


tions: at the hand-ironing tables, at 
‘ye ealenders, and at the packing 
tables. Some of the records were, 
however, taken during a heat wave 


TABLE 1—RECORDS OF THE TEMPERATURES AND THE COOLING POWERS 
IN FOURTEEN LAUNDRIES 








MIDDAY OUTSIDE CALENDERS PACKING TABLES 


















































HAND-IRONING | | 
| TABLES | 
LAUNDRY | ~ ) | | | 
Tempera-| Cooling /Tempera-| Cooling ‘Tempera- Cooling | Tempera-| Cooling 
ture Power ture | Power | ture | Power | ture | Power 
oe, | oR. | °F. | | oF. 
1 | 67.8 ee 77-80 | 4.8-3.8 | 85-92 | 5.42.2)... | eee 
2 | 66.0 9.7 76-79 | 5.0-8.7 | 85-88 4.2-3.1 68-70 7.3-6.3 
3 | 65.0 _—e 79-82 | 4.4-3.3] 80-82 | 3.3-3.0] ...... | ...... 
4 | 64.0 | 12.6 | 64-74 | 7.1-5.6| 71-79 | 6.2-4.1 | 67-74 6.8-4.4 
5 | 63.0 .oe | 78-81 | 4.7-4.0| 8408 | 3.3-1.5] ...... | cose. 
6 | 61.5 | 12.4 | 77-84 | 3.3-2.6 | 66-92 7.8-0.0 | 70-77 6.2-4.1] 
; S | WE FE dens 78-79 | 4.1-1.6| 82-87 | 3.82.2] ...... | wo... 
S | 69.0 | 70-77 S| 6.4-4.2 | 73-86 Carne. seveex | te ecans 
9 | 658.0 | 74-76 | 7.2-5.5| 85-87 |4.3-1.8] ...... Seems 
10 58.0 wo. | 70-74 | 4.8-4.5| 70-74 | 5.2-4.38] ...... |] 2.0... 
1 57.0 19.8 | 69-74 | 8.66.8] 72-79 |10.1-4.1| 68-72 | 6.1-5.5 
12 56.5 | 72-76 | 6.04.6) «1... gece | 69-76 | 7.5-4.8 
13 | 55.6 ... | 7481 | 5.5-8.2| 76-81 | 4.3-3.4 Pe. | aon 
14 | 47.5 15.9 | 69-72 |6.8-5.6| 73-81 |3.9-3.3] ...... b reaeen 
and are therefore omitted from cated owing to the delicate nature 
Table 1. Only those taken when of the work. When the wind is in 


certain quarters, or the day is misty, 
doors, windows, and _ ventilators 
generally have to be closed to prevent 
the intrusion of soot, ete., which, 
if it settles on a partially dry article, 
necessitates the rewashing of that 
article. 

One laundry (Laundry A) which 
had been designed on modern lines 
and was equipped with fans of the 
latest model proved to have pockets 
The high tem- 


the outside temperature lay between 
(7.5°F. and 67.8°F. are given. ‘The 
extremes during the day are recorded. 
Consideration of this table 
that in only four cases was the desired 
standard of 6 approximated all day 
at the ironing tables, and that in 
no case was the standard maintained 
near the Practically 
peaking, it only the 
rst hour of the morning that the 


shows 


calenders. 
was during 


tandard was reached and in many of very stagnant air. 


Ss not even then. None of the perature in a laundry is inevitable, 
‘undries could be described as rep- but the stagnant character of the 
resenting the worst type of laundry; air is not. The manager of Laundry 

are situated in different parts A, being interested in the problem, 

‘'ngland and range from the made various alterations which con- 


sisted of: 


del factory built for a laundry 
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1. Lagging all steam _ pipes 
under-surfaces of calenders. 


2. Removing steam traps from the 


vicinity of calenders. 


TABLE 2. 


IN LAUNDRY A: AVERAGES OF O] 


COOLING 


and 


‘RECORDS OF THE TEMPERATURES AND THE COOLING POWEps 
SERVATIONS FROM 8 A.M. TO 6 P\y 


RANGE OF) 
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the changes were in progress, so tha; 
the records given do not represey; 
the original conditions but a s}j 
improvement on them, and = agajy 


i 














POSITION TEMPERA- REMARKS 
POWER : " seneen 
TURES 
oP 
At a folding table 
a ee a 68-76 | This part is near a door and i 


At a calender 


ts, ME nnd nk ae ee ee aS ee de 3.40 

Pes MG 640044 0450460600003 5.90 
At an ironing table 

Cf a) ee 

ee eee 0.70 


At the presses 
sc Msc aobied nb akncayeands 2.40 
WN. SUNS ban d04 bk cad kbeeeses 5.00 


3. Covering the lids of presses 
with asbestos. 
4, Making additional ventilation 


cratings in the outside wall. 


5. Substituting fine gauze panels 
for the doors so that air could be 


admitted but particles of soot, ete., 
excluded. 

The the 
powers and the range of temperatures 


comparisons of cooling 
for this laundry, as shown in Table 2, 

Readings were taken 
1921, 


are instructive. 


in November, when some of 


00.0-/0 


affected 
heated machines. 


indirectly by st 














80-85 | Before any of the alterations 

71-78 cooling power could not by 
culated although a fan was 
The 1921 records represent part 
lagging. 

72-76 | This part is near a door and win- 

(2-73 dows, and is very much affected 
by the opening of the door. 

73-88 | This part is affected not only by t 

77-82 heat from the presses but by 


heat from the drying rooms whi 
are nearby. 


in November, 1922, when all the 


foregoing alterations had been mac 
For purposes of comparison, two days 
have been selected when the outside 
temperatures the 
52°F. at noon, and the outside 
kata power 16.2. It 
be seen that the alteration result 
in considerable improvement. 


were same, 


i wy 
j T 
‘ 


cooling 


If one compares records obtained 
every hour it will be seen that as | 


day wears on, the cooling power 
comes The worker is, there- 


less. 


Apr 
+ ** 
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sore, when getting naturally rather 
seed, working under conditions 
hich are more uncomfortable than 
when she is fresh. It is not un- 
reasonable to suppose that some of 


\BLE3.—HOURLY RECORDS OF THE 
reEMPERATURES AND THE COOL- 
ING POWERS IN LAUNDRY BON 
TWO COOL DAYS IN MAY, 1922, 





| 


OUTSIDE | DER | IRONING PACKING 
| 7 | TABLE 
TIME | | 
| oeaties —_ a 
F oem he 
DAY bo S| BO S| | OS | aes 
SB) |e) |e lee 
O a | . oO | . sF g . ae 
on i< on + © -_ oO — oe 
— ry | rs — ry — r 
| o - O° —/ | oO ww 


( 





t,erage of Two Cool Days in May, 1922 





9.30.54.023.0.73.5) 5.0,69.0 8.6 |67.5/6.10 

73.5) 5.1,70.5| 7.6 |68.3'6.10 
6.71.0 69.5 
7\73.0| 6.8 170.5 
.7\74.0| 7.2 |70.0 
1174.0 6.9 72.0: 





“J 
=~, 
= 


b> CO bo 


Ss £856 6 ee 





Hot Day in June, 1922 
3074.0 8.4/83.5) 3.7|....| ... |82.02.90 
).30}....]....]....] .../92.0] 2.2 185.0)2 
3.0) 1.4 |89.0/2.10 
5.0) ...1 91.01.06 
98.0) ...1|91.0/1.30 


Mt rnikecods 88. ‘ 
7 .1/97.0) ...1 |92.5)0.86 


on © 


] ls ] . 2 . ; 
‘in these positions the temperature was 
» high to enable the cooling power to be 


! lated. 


the variations in output are not un- 


nnected with the problem of ven- 
tilation. A system which may be 
ite adequate at the beginning of 
4 day may be very inadequate at 
P.M. ‘Table 3 shows a comparison 
' hourly records for Laundry B. 


— 


This was a one-storied building de- 
signed for a laundry and divided into 
two parts. The main building was 
ventilated by three impelling fans 
on the north side and three impelling 
fans on the south side. ‘There was 
also a large exhaust fan in one gable. 
The records were taken on two cool 
days in May and one hot day in 
June, 1922. 

Table 4 gives the comparative 
records of the cooling powers in 
laundries, potters’ shops, boot and 
shoe factories, and weaving sheds. 
The readings were taken when the 
outside temperature was 50°I. or 
more. It will be seen that in the 
laundry trade 88 per cent. of the 
kata cooling power records were found 
to be below 6, as against 100 per cent. 
in cotton-weaving sheds, 89 per cent. 
in potters’ shops, and 37 per cent. 
in boot and shoe factories; but in 
laundries 36 per cent. were below 3, 
as against 6 per cent. in_ potters’ 
shops, 1 per cent. in cotton-weaving 
sheds, and 0 per cent. in boot and 
shoe factories. The air of laundries, 
therefore, may fairly be said to 
have a lower cooling rate than that 
of the other industries investigated. 

From the point of view of the 
amount of air space for each worker, 
it is practically impossible to over- 
crowd a laundry, as the size of the 
machines is so great compared with 
the number of people who work them; 
but when machines which, from the 
nature of their work. must be at a 
very high temperature, are placed in 
an ill-ventilated room, it is to be 
exp.cted that the air will become 
overheated and hence have a low 


cooling power. ‘The  hand-ironing 


department is, in most laundries, a 
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more 
-alender room. 


laun 


in r 


and 
pera 
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comfortable place than the 
The problem for the 
derer is to reduce the temperature 
egions dominated by calenders 
presses; even where a high tem- 
ture is necessary the condition 


can be mitigated by keeping the 
alr moving.! 


1The use of small fans, which mere]y 


y 


keep the air in motion and which can be eas. 


ily 


fixed without structural alteration. } 


is 


proved beneficial in some places. 


TABLE 4.—COMPARATIVE RECORDS OF THE COOLING POWERS IN LAUN. 
DRIES, POTTERS’ SHOPS, BOOT AND SHOE FACTORIES, AND COTTON. 
WEAVING SHEDS: READINGS TAKEN WITH THE OUTSIDE 


To 
1. Il 
2. Vi 





TEMPERATURE AT 50°F. OR MORE 








PERCENTAGE FREQUENCIES 





Boot and 














COOLING POWER | ) n- 
- . | Potters’ | Shoe | Cotto 
Laundries | ¢ ~ ra, | "s | Weaving 
Shops (2) | Factories gr: 
")’ | Sheds z 
(3) | 
Below 2.0 | 19 | | 0} | 0] | 0] 
2.0-2.9 | 17 | 88% | 6] 89% | 0] 387% 1 | 100°, 
| | } » | c | ’ 
3.0-3.9 21 > below} 23 >? below| 8 ? below} 31 > below 
4.0-4.9 19 | 6 | 34 | 6 ' 10 | 6 o2 | 6 
5.0-5.9 12 | | 26 | | 19 | | 16 | 
6.0-6.9 7 | § | 28 0 
7.0-7.9 4 | 2 | 20 0 
8.0-8.9 0.7 | 1 | 9 0 
9.0 or more 0.3 | 0 | 6 0 
ER] COMSPVALIONS, 0.0 so cccvcdacces 413 276 163 
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THE MANUFACTURE OF TIN PLATES: A COMPARISON OF OLD 
AND NEW TINNING PROCESSES* 


Epaar L. Couuis, M.A., M.D. 


iansel Talbot Professor of Preventive Medicine, Welsh National School of Medicine 


AND 
H. M. Vernon, M.A., M.D. 


Investigator to the Industrial Fatigue Research Loard, London 


NEW device, the Thomas and 


Davies machine, has_ been 
4 introduced in Great Britain 
for reducing the amount of labor 


required in the tinning processes of the 
manufacture of tin plates. Weare not 
concerned with the technical advan- 
tages of the machine, but with con- 
trasting the conditions of work of those 
emploved when working at the usual 
process and at the new, and with the 
results as measured by lost time. 


[. Tue Otp METHOD 


In the old process annealed plates 
placed by hand into a cradle in 
which they are immersed first in an 
acid pickling bath (white pickling) 
and then in a water bath. Next the 
washed and wet plates are lifted out 
by hand and transferred to the tin- 
house where they are again lifted and 
water bath or tank 
side the tinman. He lifts them in 
itches of fifteen to fifty at 


deposits them on a 


d into a 


a time 

slab at his 

A tinman produces fifty to 

carried out 
e auspices of the National Institute 

industrial Psychology. Received for 
t] n Dec. 9. 1924, 


investigation was 
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sixty boxes of tin plate per shift, 7.e., 
he deals with 60 to 70 ewt. of dry 
plates; but 
about 20 percent. more than when dry. 


when wet they weigh 
Hence he has to lift nearly 4 tons per 
shift in transferring the plates from 
the tank to the slab. He has next to 
lift the plates individually and thrust 
them one by one through a zine chlo- 
ride flux into a hot bath of molten tin. 
Although some water has drained off 
while the plates are on the slab, the 
weight lifted per shift probably still 
amounts to about 33 tons. The plates 
are moved on mechanically through 
the hot tin bath to a cooler tin bath 
with palm oil on its surface. In the 
old days a boy, or “‘riser,” took each 
plate as it rose through rollers from 
the palm oil and transferred it to a 
dusting machine whence it was con- 
veyed to polishing rollers; but in recent 
years the “riser”? has been eliminated 
and the plates are passed on automati- 
cally to the dusting and_ polishing 
After polishing, the plate 
is finished and ready for assorting and 


packing. 


processes. 


Various forms of tin baths have been 
devised but that known as the Aber- 
carn pot (see Fig. 1) is the one in most 
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general use in Great Britain. This 
pot consists of two baths of molten tin, 
the first (7.e., the tin pot) being parti- 
tioned slightly below the surface of 
the molten tin so as to separate the 
zine chloride (which is used as flux at 
the inlet end) from the palm oil that 
covers the other parts of the molten 
tin in the first and 
‘The pot is about 4 feet wide and 7 feet 
The tin in the 
the tin- 
man stands, is kept at a considerably 
higher temperature than that at which 
tin melts 451°F.). The 
tin in the second trough is only slightly 


second baths. 
from front to back. 


first trough, before which 


(233°C. or 


above this temperature; if it gets too 
hot, the palm oil on its surface bursts 
into flame, but apart from this the 
heated palm oil gives off fumes con- 
taining acrolein and other irritating 
substances. 

the air of the tin- 


house as the plates pass through the 


Dust rises into 
pink meal used in the dusting process 
and through the 
Owing to the constant production of 
fumes from the palm oil and of the 


polishing rollers. 


dust just mentioned, the atmosphere of 
a tinhouse is always thick, and the 
windows speedily get coated with a 
thick layer of greasy dirt which is 
seldom removed. In our experience 
almost all tinhouses are in a state of 
semi-darkness, even when there is 
bright 
almost always have to work by arti- 
ficial light. 

Notwithstanding much and 
attention devoted to the subject by 


daylight outside. Tinmen 


time 


the industry and by the inspectors of 


factories.' no efficient means have 


1 Collis, EK. L., and Hilditeh, se. Report 
on the Conditions of Employment in the 
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ever been devised for removing fro 
the atmosphere in which the tinmay 
works the fumes and dust generated. 


Il. Toe New Metuop 


The new method, called, after the 
factory where it was first installed, th 
“Melingriffith’ machine, deals with 
the plates from the time they are 
annealed until they are ready for 
the assorting room. (See Figs. 2 and 
3.) Annealed plates, conveyed dr 
into the tinhouse, are placed by boys 
in heaps on the receiving shelf of the 
machine. ‘Thence they are picked up 
mechanically one by one and carried 
through the process of white pickling 
and washing, through zine chloride 
flux into a hot tin bath, on to a cooler 
bath, out through a palm oil cover, 
and so to dusting boxes and polishing 
rollers, whence they are discharged 
on to a heap ready for packing. Al! 
handling, except that required to 
rectify a plate which chances to go 
astray or buckle in its 
eliminated from the moment the plates 
are placed on the receiving shelf. 

A Melingrifiith machine holds two 
to three times as much tin as an Aber- 
earn pot, and the bath is correspond- 
ingly larger. More plates are passing 
through, and an operator at one of 


progress, is 


these machines has from three to fou 
times as many under his supervision 
as a tinman working an Abercarn pot. 
There is more chance of the plates 
going astray and requiring to be put 
straight, as the operator has not so 
rectifying 


good an opportunity of 


irregularities before they begin 


Manufacture of Tinplates, with Specia! 
teference to the Process of Tinning. ‘ 
6394. Hl. M. Stationery Office, 1912. 
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Ira. 1. Abercarn pot, 
cross section. (a) and (b) indicate the hot tin bath with zine chloride flux on th 
ce) indieates the rollers eulding the metal plate out of the hot tin bath ove 
nother pair of rollers into a eool tin bath or soaking pit d) indicate thi ) Ct 
e plate, after passing through other rollers immersed in palm oil, finally emerges 


seen from above, 
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develop. Over the top of the tin bath 
Isa gangway, along which the operator 
walks in order toattend to the machine 
from time to time and rectify plates. 
Above the whole machine, except the 
dusting and polishing portion, Isa 
hood, IS feet by 13 feet im size, from 
Which passes a 6-foot ventilating duct, 
fitted with a volume fan revolving 400 
{oO 450 times per minute. This creates 
a tremendous draft which draws away 
the acid bath, 
and smoke trom the flux and hot oil, 


all stenm from fumes 


and some ot the dust trom the cleaning 
apparatus. Tlence the air of the work- 


place is kept free from smoke and 


nearly tree from dust, In great contrast 
Aberearn 
\Loreover. there Is ho 


to the air where pots are 
being worked. 
reason why the windows should not be 
kept reasonably clean and the operator 
be able to Carry On his work (in so far 
as he is emploved on a day shift) in 


eood daylight. 


[1]. OBSERVATIONS OF THE 


INVESTIGATION 
\ number o} 


the 


methods have been made by one of us 
H. M. V. 


there were three Aberearn pots and 


direct comparisons of 


hoth 


working eonditions under 


ata tin-plate works where 
three Mehnerifith machines running 


The 


tigator went backwards and forwards 


In adjoining workshops. InVes- 
from one shop to the other in order 
that the 
outdoor 


tO make comparisons, so 


effects of any changes in 


temperature and wind velocity were 
the same for both. The observations 
were purposely made during rather hot 
weather, when the conditions were 
likely to be most trving to the workers. 


Most of the 


relate to temperature 


made 


OOUSeCTVATLIONS 


and 


ventilation. 
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The velocity of the air current: 
the 
thermometer, which was clampe: 


estimated by means of 


rod serewed into the head of » 


scople tripod stand. The Sale 
supported a hygrometer, both in 
ments being fixed about 5 feet 


floor level. and as near as po 
to the actual working place o! 
Direct 


tions were made in addition by n 


Operator. velocity obs 


ot il metal Vane anemome+#ter, 


quick temperature observations 
made by an Iedneyv sling hygrom 
This instrument is revolved at a 


ol about 250 revolutions per min 








and it takes up the am temperatu 


I> minutes. Though wet bulb 


peratures were taken in every 


they are not referred to in this rep 





as they did not appear to vield 
useful information. 

Ts ML pre ratuyre and Ve ntilation at | 
Pots. 


Carn pot 


carn “The tinman at an Alb 
stands close TO the hot 
that he 


radiant 


bath, sO recelves ) 


amount of heat from 
There Is no exact means of measu 
the extent of this radiant heat, but 
kata-thermometer observations 
The kat 


and the hygrometer had to be 


olyve SOLE Indication ot it. 


near one end ot the place wher 
the miu 


so that they should not interter 


tinman stood, and not at 


his work. Hence the observatior 


be deseribed rather underest 


the temperature. These observat 
were made under two sets of condi 
a) When the bulbs of the kataan 
hvgrometer were fully exposed lL 
heat the bath, an 
when they were protected fron 
heat 
folded once 


radiant from 


radiant by holding a news} 


about ) foot away 
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the instruments, and between them 


and the bys h. | uiplicate observations 


of this character were made on three 


days ft eneh Ot the three \berearn 





A 


mean of the direct observations, |» 
111 feet, which were made at the eos. 
time 


by means of the metal yoy 


anemometer., 





a 


Dusting bintshing Pickling leeding 
and 
Polishing 
iG. 3d. \Ielingriffith machine 1 operation, 


Pats, “ania the heads Ot these obseryva- 
recorded in ‘Table 1. 
bulb 


thermomete 


{ions are 
The 


recorded 


menn dry 


the 


temperature 


when Wis 


exposed 1) rediant heat Was S735 I... 


or SZ) higher than when it was pro- 


{ tn 
teetod: 


while t hye cooline power ot the 


airas registered by the kata was 2.5 
ius HONS! me These temperatures 
and eoolineg DPOWCTS Indicate ar veloci- 
tres Of OO feet and 6 feet per niin- 
Le, respectively The latter value 


should he accepted cls the eorrect One, 


and it corresponds roughly with the 


As tar as we are aware, the influc 
of radiant heat on the eooling power oO 
the kata-thermometer has not hith 
heen Investigated, though it IS soMmie- 
times a matter of great practical i- 
portance. In previous kata’ inv 
vations our method has been to prot 
the 
from. direct 


Instrument as much as poss! 


radiant heat (e.g., 0! 
sun, or of a furnace); but it is of inter- 
est in the present instance to detern 
Its rate of cooling both when prote: 
There is 


avallable information to show how 


and when unprotected. 


Apr ’ 
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+o of absorption of radiant heat by 


a 

‘cn human skin compares with that of 

‘hermometer bulbs, though perhaps it 

‘+; somewhat smaller, as a glass sur- 

‘ace absorbs heat very well. 

TABLE 1.—EFFECTS OF RADIANT 
HEAT ON TEMPERATURE AND 
COOLING POWER (ABERCARN 









































POT) 
= | ' 
NOT 
. ae PROTECTED 
RADIANT nara 
ponte RADIANT 
. HEAT 
i i 
POSITION aia » | 2 
Pas > Pa is S ma) 
si oi;/evi3s/;o/]x 
~~ | A o/s | & . 
e 5 | 3 5 
olelo|el|els 
Siselre reise 
o|/o|&/]o!]o|& 
Sli Ol; a |e 1/0] « 
ft. ft. 
°F per | °F. | per 
min. | min, 
| 
eS 75.5 5.8 89/84. 5) 3.5 88 
| 
Pot B....... 04. 81.9) 3.8, 6590.5) 1.5) 32 
| wt 
i 78.4| 5.7| 135.86.8| 2.4) 45 
ee ae eat J rere rca, been 
| ee 78.6, 5.1) 9687.3) 2.5) 55 


3 








Opposed to the warming effect of the 
radiant heat, we have the cooling effect 
of the relatively cooler air currents 
which are impinging on the bulbs of 
he instruments, and which tend more 

nd more to neutralize the radiant 

eflect the greater their velocity. 
nee, When the instruments are 
posed to radiant heat, the conditions 
ry different from those observed 
absence, and do not yield data 
which air velocities can be eal- 

d by the ordinary formulae. At 
sume time, the fact that the cool- 
power of the kata was reduced by 
diant heat from 5.1 to 2.5, sug- 


I 
L] 
il 


xests that this heat made the condi- 
inder which the tinmen had to 
exceedingly trying; but until a 
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number of further observations have 
been made under various experimental 
conditions, it is impossible to decide 
exactly what such a reduction of 
cooling power implies. 

In making kata observations in the 
presence of radiant heat, the bulbs, 
both of the thermometer and of the 
kata, should be ezther fully protected 
from the radiant heat or fully exposed 
to it. In the ordinary hygrometer, 
the framework usually protects the 
bulbs to some extent, unless the instru- 
ment is kept facing the source of radi- 
ant heat, while the kata bulb is fully 
exposed. The results obtained under 
such conditions are hopelessly at vari- 
ance (e.g., H/@ values as low as 
0.17 were obtained in the _ present 
investigation). 

The temperature and the air veloc- 
ity varied considerably at the different 
pots, as can be seen from Table 1. 
This was due chiefly to the habits of 
the workmen concerned. At pot B, 
where the air current was least and the 
temperature greatest, the windows 
close to the pot were almost completely 
blocked up by sheets of tin plate. The 
tinmen working there explained that 
they did not like a draft, and they did 
not remove the tin plates even on the 
hottest days. At the other two pots 
there was a certain amount of window 


ventilation, which lowered the tem- 
perature several degrees. The some- 


what considerable air velocity ob- 
served at all of the pots was due to the 
presence of a wide and lofty chimney 
the 
smoke arising from the heated palm 
oil of the tin bath. 

At the the 


recorded in Table 1 were made, the 


over each pot, to carry away 


time observations 


outdoor temperature averaged 64°F., 
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but other observations were made in 
hotter weather. ‘The temperature was 
taken at the actual spot where the 
tinman stood by means of the sling hy- 
yvrometer, Which was revolved at such 
an angle as to avoid any warming by 
radiant heat. At outdoor tempera- 
tures of 68°, 73°, and 79° it showed an 
average temperature of 81°, 84°, and 
89° at the three pots—i.e., an excess 
of 13°, 11°, and 10°, respectively. 
On the hypothesis that the radiant 
heat induced a further rise of 9°, it 
would follow that the effective tem- 
perature to which the tinmen were 
exposed ranged from 90° to 98°. 
Temperature and Ventilation at 
Melingriffith Machines.—With the Mel- 
ingriffith machine the operator of 
the machine does not have to stand 
near the hot bath. 
at the side of the machine, and his 
head is nearly 6 feet from the nearest 
end of the bath (which is about 12 
feet in length), as against 3 feet in 


fe usually stands 


the Aberearn pot. 

observations 
the 
place where the operator usually took 


‘Two Or more sets of 


were made on each machine at 
up his stand, and the means of the 
results obtained are recorded in Table 
2. On an average, a temperature of 
78.3° was observed when the instru- 
ments were protected from radiant 


heat, 
when they were exposed to it. 


and one of 81.0°, or 2.7> more, 
‘That 
is to say, the apparent radiant heat 


effeet was not a third as great as that 


observed with the Ab rearn pot. 
This was owing chiefly to the greater 
distanee of the tin bath from. the 


operacor, but the considerably greater 
velocity of the air currents (produced 
the 
like- 


lmMpinging on 


by exhaust draft 


bulbs of 


the instruments must 
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wise have been partly responsib}p 
The mean velocity observed was 36 
feet per minute when the instruments 
were protected, or 1.6 times tha} 
observed with the Abercarn pot. The 














TABLE 2.—EFFECTS OF RADIANT 
HEAT ON TEMPERATURE Anp 
COOLING POWER (MELINGRIFFI!I1TH 

MACHINE) 
| PROTECTED | | NOT. 
| FROM | : ponder ED 
| RADIANT | , vio 
HEAT tADIANT 
| HEAT 
POSITION : 3 | ~ 
|e) me) & | E> 
(S| el/2/ sl] ei 
Sis ls aS jes |S : 
= = | he = : . 
HiOlA/a 10/4 
ft. 7 
°F; per | °F 
min 

Machine A..... 78.5) 5.7) 141/81.4) 5.4! 195 

Machine B.....'82.4) 4.5) 128 84.6 4.4 197 

Machine C..... 74.0' 8.0) 199'77.1) 7.5) 245 


Mean........../78.3] 6.1] 156/81.0] 5.8} 212 


unprotected instruments, howey 

instead of indicating a smaller velocity 
than the protected ones, as they did 
in the observations at the Abercan 


pots, showed a considerably larger 


one. This lack of correspondence h 
have been due in part to the obstrue- 
tive action of the newspaper (used {01 
protection) on the air currents; but 
was likewise due to the differences 1 
the conflicting factors of radiation «! 
air cooling. In any case, a COr)] I- 
son of the data for the Abercarn 

on the one hand and the data io 
Melingrifith the othe! 
does undoubtedly indicate how m 


machine on 


more favorable are the working 
ditions in the latter instance. Owing 
to diminished radiation and '% 
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nereased air velocity, the cooling 
0 wer of the air near the Melingriffith 
$ nachines kept at about 6, as against 
it calues of 1.5 to 3.5 observed with 
le Aberearn pots. 
The air temperature shown by the 
yrotected thermometer varied from 
) -12 tg 82° at the three machines. 
The differences were due to the fact 
‘hat one machine was near to two 
both of which were 
lept open. The outdoor temperature 
the time these observations were 
made averaged 66°. Other observa- 
tions, made with the sling hygrometer, 
Q a mean temperature of 76° at 
the operator’s usual position when the 
outdoor temperature was 72°. Hence, 
temperature conditions 
experienced by the operator were much 
less trying than those of the tinman on 
the Aberearn pot; but what conditions 
did he experience when on the gangway 
C over the tin bath? Data recorded in a 
subsequent section show that he went 
bout eleven times per hour on the 


one or 


. 
) ve 
qoors, 


the usual 


oensy Gre 


ngway, for periods aggregating eight 


sets oO 


+ 


ites. Five observations 
head level, (a) in the 
| middle of the gangway, (b) halfway 
veen the middle and the side, and 

the usual position of the opera- 
outside the gangway. At (a) 
temperature varied from 98° to 
i2°, and averaged 106°; at (b) it 
Nn nveraond Git 


made at 


-and at (c), 76°. Hence 
the short times that the opera- 
snear the middle of the gangway 

h could not have amounted to 

than two or three minutes per 

was the temperature experienced 

‘cessive. Owing to the suction 

lan, the air velocities 


7 id rable. 


metal vane anemometer, and 


were 


They were measured 
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were found to average 346 feet per 
minute at (a), 191 feet at (b), and 
161 feet at (c). 

Observations on the Player Pot.— 
In addition to the observations on 
Aberearn and Melingriffith 
machines, a few were made at another 
works on the “Player pot.” The bath 
of this pot does not extend so far back 
as that of the Abercarn pot, but the 
farther portion of it is a good deal 
higher. The radiant heat from it, 
however, 1s probably not so great, the 


pots 


few observations made showing a dif- 
ference of 4° to 5° between the 
protected and the unprotected ther- 
mometer. 

Conditions Experienced When Stok- 
ing the Furnaces.—The tinman on the 
Abercarn pot has to stoke his furnace 
about four times during each ecight- 
hour shift, and this takes him only 
about two minutes on each occasion. 
He stands in a small pit, but his head 

nd body are above floor level; there- 
the temperature 
experienced are not at all trying. It 


fore conditions 
is quite otherwise with the operator of 
the Melingriffith machine. 
hole is completely underground, and 


His stoke- 


he has two large furnaces to stoke. 
He has to remove the ash and clinker 
shift. 
This operation was said to take about 


from each of them during his 


ten minutes for each furnace, but the 
actual times observed averaged seven 
addition, he stokes about 
shift for 
minutes at a time, so that altogether 


minutes. In 


four times more per two 
he spends over twenty minutes per 
shift in his stokehole. 


observations were made in six stoke- 


Temperature 


t another works 


4 
to. At a 


holes—three of them a 


than that above referred 


) 


distance of 3 feet from the furnaces, 
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the air temperature average +d 97° (out- 
door temperature being 66°). These 
observations were made with the sling 
hvygrometer, revolved at such an angle 
as to catch no radiant heat from the 
furnaces. The doors of the furnaces 
were closed, except for small eracks: 
but when they were opened, as they 
had to be for stoking and clinker re- 
moval, the radiation was very intense. 
Any attempt to measure it was imprac- 
ticable, as 1t would have broken the 
thermometers. 

When an operator removed clinker, 
he took off the waistcoat which he 
generally wore previous to descending 
the stokehole, and he subsequently 
came up bathed in sweat, but he 
usually put on his waistcoat again in 
order to avoid getting chilled. The 
stoking for these machines was evl- 
dently very hot and exhausting work. 
leach stokehole had a ventilation open- 
Ing, about 2 feet square, which in some 
cases led toa shaft opening outside the 
workshop. Also it hada large grating 
above opening on to the workshop. 
However, the velocity of the air cur- 
rents in the stokeholes at the place 
where the operator stood when stok- 
Ing was never sufficient to move a 
metal vane anemometeratall. In the 
licht of control observations, this 
showed that the air ve elocity was less 
than 60 feet per minute—7.e., 1t was 
very much less than that experienced 
by the operator when above ground, 
and a good deal less than that experi- 
enced by the tinmen when working 
Aberearn pots. 


There ean be no doubt that the ven- 


tilation could be greatly improved, for 


it differed a great deal even in the 
stokeholes of the various machines. 
lor instance, the temperature of the 
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best ventilated stokehole at one work. 
averaged 86°, that of another 
and that of the worst ventilated oy, 
At the other works the to) 
peratures of the stokeholes would hay, 
been still higher but for the faet 
the furnace doors were covered 
additional doors lined with asb 


110°. 


As it was, the stokeholes reached . 
distinctly higher average temperaty 


than those at the first works, and ¢] 


NS 


] 
Ln 
tld 


conditions were particularly trying | 
one stokehole which served th 


Nnaces ¢ 


f two adjacent machines. 


opposing furnace doors were only 
feet apart, so that the stoker 
exposed to heat both at his back 
his front, wherever he stood. 


Atte 


to this matter, and in new layouts 


apart is advocated, so as to give much 


more 1 


the stokeholes. 


‘oom and better conditions 


p 


ventilation might be introduced, ( 


by means of a separate fan or by bi 


ing a 


branch duct from the huse 6 


foot duct attached to the hood « 


machi 


1e. The ventilation of the ! 


+ 
( 


l= 
4 


‘7 | 
‘ J ‘ 


ntion is already being dire 


is so powerful that a small fractior 


COUk ld 
hole 
The 
1 
WOTK ( 
Aber 


noTrone 


i] 
)} 


1. 


rel 


} 
fifty, f 
hi 


LIS pot . 


a 


easily be spared for the sto 


Monotony of Tinning. 


{ the tinman employed on t! 


arn pot appears to be very 


us. Every two or three minut 


he pulls out a batch of recently pi 
numbering from fiiteen 


rom the trough of wate 
and puts them on a slab « 


at hand. He lifts up each sheet 


rately 
bath, 
plates 
sI1Ze. 


and pushes it into the tim 


which holds from two 


side by side, according to t] 


This process is continued 


} 
tne} 


the spreading of the machines fart 


ossibly — artificial 
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rks ory little intermission throughout 
8°, she eight-hour shift, except for a half- 
né hc interval for food near the middle. 
U- ', order to get a rough idea of the 

| : and duration of the breaks 
lat | ‘he monotonous tinning, the men 
ith «oye watched for a number of hours. 

| relating to thirteen man-hours 
La were obtained; and during this 
Ir ‘me the tinman got, on an average, 
he 92 breaks per hour, lasting in the 
I voyegate 4.8 minutes. During 1.0 
ur break (lasting 1.3 minutes) the tinman 
he was ongaged in rectifying a plate which 
8 had gone astray either in the tinning 
as ‘h or in the cleaning apparatus; 
nd § ng 0.6 break (lasting 1.6 minutes) 


s stoking the furnace; and during 
lasting 4.2 minutes) he had 
Its :t, his place being taken tempor- 
1e] ‘vy by the helper. In addition to 
ch these breaks, the tinman occasionally 
01 pushed an aberrant plate straight as 
lal it passed through the bath, or ladled 
1e! ittle tin from one trough to another; 


} 1. 
f ; Pyros 
4 } ix 


ig- it if any such process took more than 


; , seconds, it was noted down and 


d in the foregoing estimates. 
operator of the Melhngnifhith 

nine has 
bh he appears to be standing by 
atching his 


much more variety. 
machine, he can 
and must 
be on the alert, for owing to its 


lax his attention 


d complexity the machine may 


+ 


[tention in a number of ways 
indication 
requency and duration of the 


trrom passive 


ctions. A rough 
watching was 
dQ by keeping under observa- 

men for hours 


one or two 


ng ‘n an average they got 18 
r hour, lasting 13 minutes in 
Of these breaks 11.0 


U.¢ minute each) were spent 


~fregate., 





181 


on the hot gangway over the tin bath; 
0.9 (lasting 2.0 minutes each) were 
spent in stoking, and 6.2 (lasting 0.5 
minute each) spent in other 
jobs not involving exposure to heat. 
In ordertoruna Melingriffith machine 
properly, the operator needs to possess 


were 


considerably more intelligence and 
initiative than the tinman on the 


Aberearn pot. If he is quick, by 
immediate stoppage of the machine he 
ean usually catch a plate when it is 
beginning to go astray during the 
pickling or washing stage, and can 
thereby prevent further mischief; or 
again, he can stop a tinned plate which 
has oil on it from passing to the clean- 
ing rollers; or he can speedily rectify 
any plates which have gone astray in 
the dusting and cleaning. 


IV. Lost Time 


Certain information as to total lost 
time during two periods at three fac- 
tories is available which is of interest, 
although the numbers concerned are 
Table 3.) 


first period the men were working at 


small. (See During the 
Aberearn pots and during the second 
at Melingriffith machines. 

At Factory M the average time lost 
per week by thirty-six tinmen in the 
first period was 0.34 day. The ages 
‘enteen of these men could 
be obtained in 1924, 
lost time for them, v7z., 
practically identical with that of the 
whole Another 


men, rather younger than the group of 


of only sex 
and the average 


0.35 day, 1s 


group. group of six 
, : . hy} , 
seventeen, experienced 11) this po riod 


slightly less lost time, viz., 0.52 dav; 


but these six men, when acting as 
operators in the second period, 
experienced lost time of only 0.04 


which is eight times _ less. 


day, 
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these men now seven 
years older, they might have been 
expected to experience more rather 
than less lost time. A further small 


Since were enced an average lost time of 0.39 day 
in the first period. A further group ¢ 
eight men, rather younger, in this 
period experienced less lost time, pj: 
TABLE 3.—LOST TIME EXPERIENCED AT THREE FACTORIES BY TINMpy 
AND BY OPERATORS OF AUTOMATIC TINNING MAC 








68/6 4 | AGES IN 1924 
| mul we t {ee 
le] w an. ss 
Ro Sais = | 
NUMBER 2B /aRn/ Fe | | 
OCCUPATION oom PERIOD \DF |b olaa| & | 
> OF MEN | iw RD 7 im re By a 
= | 4 4 | Ne oO jo 
S| | 5 oe WAR daa | oO o ~ 
oO \2 Bl aRe| eo | Sis | 2 
; lew |/eS| a9 > |v om 
< | LoF/OA]FH] O |] Yj 
fe, | & | & | < | a] a 
——| = —_——— | | | | ponent - 
| FUMIO cccccscccenscs| Nov. 28, 1914 |2,089 718 0.34 | .. | 
| to Oct. 21, | | | | 
| 1916 | | | | 
| Tinmen..... 17 of Same 1,042) 360 0.55 | 35 | 46 | 59 J 
M above | | | 
|] Same 416, 132 0.32\ 93 | 49 | 4 
| rm: - < . P . QO ‘ oO ) +s 
| Tinmen..... 6 } Nov. 26, 1921 609, 25 0.04, 
Operators... | to Nov. 24, | | | 
I | | | | 
| 1923 | | 
Operators....... 3 Same 297; 415 (0.14 | 22 | 26 | 43 
| 
b SR ccc tcncesnxens 11 Nov. 28, 1914 |1,034) 399 |0.39 | 35 | 43 | 82 
| to Oct. 21, | 
| 1916 
A \k Same 52) 330 28 xx fcc o 
oases . ' 9 | 3D (Bd-0d 
rinmen..... g Nov. 26, 1921 824) 104 0.11 
Operators.... to Nov. 24, | 
1923 
peer ere June 25,1910 | 824 43 0.05) 
to June 29, 
1912 wn \e-e 
S . ; _— ‘ a - td 
L Operators.... Nov. 26, 1921 613, 29 0.05, 
to Nov. 24, 
1923 | 
. Tinmen.... 11 Same 1,122| 28 0.02 39 48 | be 
group of three younger men, who had 0.28 day. This group when acting 


acted as tinmen, in the second as operators in the second period 


a much higher 


never 


period experienced when seven years older lost 0.11 ¢ 


lost-time rate, v2z.. 





0.14 dav; but this 
rate is still considerably lower than the 
rates experienced by either of the 
groups of tinmen. 


At Factory A eleven tinmen experi- 


or less than half their experienc 
the first period. 

The suggestion might be made t) 
the second period was for some UW 
plained reason more conducive to £' 
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The records of factory 
1) not support this view. The 
this ater’ a] between the two periods, 

won vears, Is greater in this instance. 


ping. 


syoup of eight men, while acting as 
EY symen in the first period and as 
rs in the second, experienced 

amount of lost time, 0.04 


while a group of eleven tinmen, 
ut the 
| experienced an 


same age, in the second 
average of 

The lost-time rates at 
are 


0.02 dav. 
low. 
- are mainly of interest in showing 


Lil LOrVv 


remarkably 


Oldest 


i 


men as operators experienced no 
lost time than they had done 
At the 
tory in question certain factors 


xy ven years before as tinmen. 


: - ist which make for good timekeeping. 
industrial 
nvironment, but is placed on a site 


factory is not in an 
to a river and in a district rural 
Another point is that 

J2 practically the smallest units of tin- 
ning machines of the old 

system of tin-plate making exist 


45 uu 
enaracter. 


(Aberearn 


esulting at once in less fatigue, 

th a correspondingly less earn- 

pacity. Hence the inducement 
good time and the capacity to 
both present. 

records for operators quoted 

ior the second period all refer 
at work at the new patent 


before they were fitted with 
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hoods and ducts for carrying away the 
fumes which arise from the _ pots. 
Even so, the operators have been far 
less exposed to these fumes, to dust, 
and to heat than are tinmen. In the 
future, with the exhaust system in 
action, the exposure will be negligible. 
The preponderating advantage to the 
men from rather 
monotonous physical labor, and the 
advantage gained with regard to lost 
time may probably be ascribed to this 
influence at least as much as to better 
atmospheric conditions with less expo- 
sure to heat, fumes, and dust, and to 
less physical effort. 


has been freedom 


V. CONCLUSIONS 

An operator of a  Melingriffith 
machine is exposed to (a) less radiant 
heat, (b) a lower air temperature, 
(c) a more rapid air current, and (d) 
less fumes and dust, than a tinman 
on an Aberearn pot. Moreover, his 
work calls for the expenditure of less 
physical energy and is much less mo- 
On the other hand, as the 
are at 


notonous. 


stokeholes present arranged, 


the stoking of the furnaces is consider- 


ably more arduous. 
‘Lhe 
conditions 
‘This 
better 
capacity. 


total effect of 
results 


altered 
time. 


these 
lost 
index of 


in less 


may be taken as an 


health and greater earning 
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Dr. D. A. Coles, Sir William Collins, K.C.V.O., Professor J. Glaister, Sir 
kK. W. Goadby, K.B.E., Sir Wm. Hale-White, K.B.E., Sir R. Jones, K.B.E. 
C. B., Dr. J. R. Kerr, C.B.E., Dr. A. Mercer, ;Dr. Howard Mummery, Dr. A. 
Scott, Dr. C. 8. Thomson, Dr. Theodore Thompson, Dr. A. Trimble, Dr. H 
M. Vernon, Dr. Thos. Watts, M. P., Dr. Prosser White. 

The Congress will meet on Monday, September 7, and will continue until 
Saturday, September 12. An attractive program has been arranged. ‘There 
will be two Plenary Sessions, one after the opening and the other toward the 
close of the Congress. The Sections will meet on the other days. 

Men well known in the field of industrial diseases and accidents will read 
papers. Every effort is being made to make this Congress an international 
success. As it is the first Congress since the war, the British Executive Com- 
mittee begs to express the hope that the British Section will play a useful and a 
leading part in the deliberations of the Congress. 

Apart froin the scientifie proceedings of the Congress, there are other attrac- 
tions which ought to appeal to English members. The following are some of th 
items expected: 

A Reception by the County Council of Amsterdam. 

A Reception by the Minister of Labor at the Hague. 

A Trip to the harbors and the surroundings of Amsterdam. 

A Ladies’ Committee has been formed in Amsterdam to receive the ladies 
accompanying the members, and every effort is being made to make this part 0! 
the Congress a brilliant social success. 

The cost of a ticket for each member will be £15; this includes admitt 
card to the Congress, return ticket to London (the return journey may be m 
at the member’s own time within one month), room and breakfast in one 0! | 
leading hotels in Amsterdam, admittance to the Congress dinners, official r 
tions, ete. 

Further information can be obtained from the Hon. Secretary, Dr. He! 
S. N. Menko, 2 Grosvenor Gardens, Cricklewood, London, N. W. 2. 


